A man, aged 65 years, presented with frequent episodes of hypoglycemia and unconsciousness. Hypoglycemia was accompanied by undetectable serum insulin and C-peptide levels and a high serum insulin-like growth factor (IGF)-II level. He was found to have a retroperitoneal solitary fibrous tumor. He underwent successful resection of the tumor and had no hypoglycemic episodes after the operation. Immunohistochemical analysis revealed positive immunostaining for IGF-II in tumor cells. The presence of the high-molecular-weight form of IGF-II in the patient's serum was confirmed by immunoblotting, which suggests that his hypoglycemia was due to an increase in the plasma level of IGF-II secreted by the tumor. 
Case Report
In June 2008, a man, aged 65 years, was admitted to our hospital for hypoglycemia. He had experienced repeated episodes of hypoglycemia and loss of consciousness for a few months. He was not taking medication for hypoglycemia. The following data were recorded on admission: height, 170 cm; weight, 60 kg; blood pressure, 144/80 mmHg; and pulse rate, 60 beats per minute. Physical examination revealed the presence of a large painless mass in the abdomen. Even though his fasting blood glucose level was 2.3 mmol/L, his serum insulin and C-peptide levels were undetectable (<2 U/ mL and <0.1 ng/mL, respectively). In addition, the counterregulatory hormone levels were relatively low. His thyroid, glucagon, and fasting cortisol levels were within the normal range (free T3, 2.39 pg/mL; free T4, 0.93 ng/dL; glucagon, 92 pg/mL; cortisol, 13.6 g/dL). The serum growth hormone and IGF-I concentrations were relatively low (0.31 ng/mL and 50.8 ng/mL, respectively). We found hypokalemia (serum potassium, 2.3 mEq/L). He tested negative for the anti-insulin antibody. Oral glucose tolerance testing showed a low serum insulin response. An abdominal computed tomography scan showed the presence of a large retroperitoneal tumor (11 cm×11 cm×7 cm) with a heterogeneous contrast effect (figure 1). On the basis of these findings, insulinoma, insulin autoimmune syndrome, and adrenal insufficiency were excluded as causative factors of the severe hypoglycemia, and NICTH as a result of the retroperitoneal tumor was suspected.
A glucose supplement of 15 g/h was required to maintain the plasma glucose level within normal limits. Complete resection of the tumor was performed on June 24, 2008. The postoperative course was uneventful, and the glucose level stabilized thereafter. The resected tumor was 13 cm×13 cm×7 cm in size and weighed 650 g ( figure 2A ). Microscopic examination showed admixed hypercellular and hypocellular foci of spindle-shaped cells encompassed by collagenous stroma (figure 2B). The resected tumor tissue was positive for CD34 but negative for epithelial membrane antigen, S-100, and desmin. Based on these findings, the pathological diagnosis of retroperitoneal solitary fibrous tumor was confirmed. The MIB-1 labeling index was 10%, and 4 mitotic figures were observed per 10 high-power fields, suggesting the presence of a low-grade malignancy.
Immunohistochemical analysis showed positive immunostaining for IGF-II in the tumor cells ( figure 2C ). In addition, immunoblot analysis of IGF-II in the patient's preoperative serum extract revealed the presence of 2 distinct bands: a high molecular weight (approximately 15 kDa) band, and a low molecular weight (7.5 kDa) band. Analysis of the control serum showed only a 7.5 kDa band, corresponding to the size of normal IGF-II (figure 3). In the postoperative immunoblot analysis, the high molecular weight form of IGF-II disappeared, and the levels of serum IGF-II decreased from 2235 ng/mL to 1377 ng/mL (normal range, 414-1248 ng/mL).
Discussion
Non-islet cell tumor hypoglycemia (NICTH) is one of the major causes of fasting hypoglycemia. It has been reported that NICTH develops as a result of the production of the high molecular weight form of IGF-II. 9, 10 Several mechanisms have been proposed for the hypoglycemia associated with NICTH caused by IGF-II production; according to one proposal, the hypoglycemia is caused by reduced secretion of growth hormone and elevated levels of free IGF-II. The serum levels of growth hormone and IGF-I are decreased even in the case of severe hypoglycemia. 11 Insulin-like growth factor-II derived from the tumors may suppress growth hormone secretion at the pituitary level, leading to a reduction in the levels of circulating IGF-I. Impaired growth hormone response may account, in part, for the development of hypoglycemia. Thus, suppressed serum levels of growth hormone and IGF-I are useful diagnostic markers for IGF-II-producing NICTH. 12 In the present case, the decreased serum levels of growth hormone and IGF-I were suggestive of an increase in the free IGF-II secreted by the tumor. In addition, hypokalemia was associated with hypoglycemia in NICTH. 
A B
Although our patient had elevated serum IGF-II levels, serum IGF-II levels are not always elevated in patients with IGF-IIproducing NICTH. This inconsistency suggests that the unprocessed high molecular weight form, rather than the mature form, plays a pivotal role in the development of hypoglycemia. The high molecular weight form of IGF-II is considered to have greater bioavailability than mature IGF-II, supporting this idea. 9, 10 Under normal conditions, IGF-II binds to the IGF-binding protein-3 and an acid-labile subunit, forming a ternary complex of molecular weight 150 kDa. However, the high molecular weight form of IGF-II does not bind to the acid-labile subunit but to the IGF binding protein to form a 40-50 kDa binary complex. 9, 10 This binary complex can pass through the capillary membranes and cause hypoglycemia via direct interaction with IGF and insulin receptors. Therefore, the diagnosis can be confirmed on the basis of increased serum IGF-II/IGF-I ratio or elevated levels of the high molecular weight form of IGF-II. 12 In the present case, the preoperative serum IGF-II levels were elevated, and the IGF-II to IGF-I ratio was 43.9 (normal range, <10). In addition, preoperative western blot analysis revealed the presence of the high molecular weight form of IGF-II in the patient's serum, which is highly indicative of IGF-II-producing NICTH.
Solitary fibrous tumor is a relatively uncommon but distinctive mesenchymal neoplasm that frequently involves the pleura. 1 Most solitary fibrous tumors are located in the thoracic cavity, but they have been reported at numerous other sites, including the nasal cavity, 2 upper respiratory tract 3 and liver, 4 as well as the retroperitoneum. 5 However, the incidence of IGF-II-induced hypoglycemia in solitary fibrous tumors is still unclear. Briselli et al 8 have reported that approximately 4% of solitary fibrous tumors that develop in the pleura are associated with hypoglycemia, while the incidence of hypoglycemia in the case of retroperitoneal solitary fibrous tumors has been reported to be approximately 11.5%. 5 Although IGF production by retroperitoneal solitary fibrous tumors is generally implicated in hypoglycemia, 13 increased IGF-II has been confirmed in only a few cases of these tumors.
14 According to the previous reports with solitary fibrous tumors, the high molecular weight form of IGF-II was detectable in the serum of nine patients by western blot. Of those, retroperitoneal solitary fibrous tumors were present in only two patients. 15, 16 In addition, the high molecular weight form was dominant in all nine cases. Thus, this is a rare case of hypoglycemia caused by a retroperitoneal solitary fibrous tumor with IGF-II production, confirmed by serum studies and immunohistochemistry. In summary, we report a rare case of hypoglycemia associated with retroperitoneal solitary fibrous tumor. Based on the findings in this report, we think that the production of the high molecular weight form of IGF-II by the tumor caused the hypoglycemia. The presence of high serum levels of the high molecular weight form of IGF-II and elevated IGFII/IGF-I ratio strongly support the diagnosis of IGF-II-producing NICTH. Decreased serum levels of potassium, growth hormone and IGF-I are useful diagnostic markers for this syndrome. Furthermore, careful and long-term follow-up are required in the case of such patients, because behavior of solitary fibrous tumors is difficult to predict.
